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We consider graphene superlattice miniband fermions probed by electronic interferometry in magneto-
transport experiments. By decoding the observed Fabry-Pe´rot interference patterns together with our corre-
sponding quantum transport simulations, we find that the Dirac quasiparticles originating from the superlattice
minibands do not undergo conventional cyclotron motion but follow more subtle trajectories. In particular, dy-
namics at low magnetic fields is characterized by peculiar, straight trajectory segments. Our results provide new
insights into superlattice miniband fermions and open up novel possibilities to use periodic potentials in electron
optics experiments.
The presence of a superlattice potential modulates the in-
trinsic electronic band structure of a material [1], allowing the
observation of various physical phenomena such as Wannier-
Stark ladders [2] or Weiss and Bloch oscillations [3, 4]. In
graphene, superimposed long-range periodic potentials are
predicted to alter the electronic dispersion with the emergence
of extra singularities and new effective Dirac fermions [5–7].
Thanks to the rapid development of artificial two-dimensional
van der Waals (vdW) heterostructures, studying superlattice
effects in graphene is nowadays possible [8]. For instance,
when a graphene sheet is placed onto a hexagonal boron ni-
tride (hBN) crystallite, interference due to the small lattice
constant mismatch of about 1.8% gives rise to a moire´ pattern
with a superstructure lattice parameter inversely proportional
to the rotational misalignment between the layers. Strikingly,
while secondary Dirac points appear in the modulated elec-
tronic band structure [9], magneto-transport measurements re-
vealed the Hofstadter butterfly [10–12] as well as magnetic
Bloch states via the observation of Brown-Zak oscillations
[10, 13, 14]. The latter highlights a particular metallic behav-
ior with straight trajectories of the quasiparticles at relatively
high magnetic field, i. e. at values of the magnetic flux per su-
perlattice unit cell area commensurate with the magnetic flux
quantum. At low magnetic field the impact of the superlattice
on the quasiparticles has been studied by transverse electron
focusing experiments showing that cyclotron motions break
down near the secondary Dirac points [15]. However, study-
ing and distinguishing the transport behaviors of charge carri-
ers due to superlattice minibands from those arising from the
normal Dirac spectrum in the absence of magnetic field, as
well as the crossover to the intermediate field regime, remains
very challenging.
Here, we report a study of superlattice Dirac fermion trans-
port through an electrostatically defined cavity formed by a lo-
cal top gate (TG) and an overall back gate (BG) (see Fig. 1a).
The combination of the two gates allows independent control
over the charge carrier densities nin and nout in inner and outer
regions of the device, respectively. Due to semi-transparent
boundaries in a bipolar configuration (i. e. transitions across
the charge neutrality point between inner and outer regions)
a Fabry-Pe´rot (FP) cavity forms, where the interference of
partially reflected and transmitted ballistic charge carrier tra-
jectories gives rise to conductance oscillations [16–19]. In
the case of a moire´ superlattice the transitions across sec-
ondary Dirac points result in the formation of extra cavities
[20]. By investigating the unusual cavity properties and prob-
ing the arising interferences via magneto-transport measure-
ments, as well as quantum transport simulations, we are able
to study the moire´ miniband conduction associated with un-
conventional Dirac quasiparticle dynamics. Figures 1b, c dis-
play a schematic of the simulated device geometry with super-
imposed periodic long-range potential as the scattering region
[21, 22], and the corresponding electronic band structure ob-
tained from the continuum model, respectively (details given
in Ref. 22).
The effect of the superlattice in graphene is directly ob-
served in transport experiments and a moire´ wavelength λ ≈
10.9nm has been extracted from the analysis of the Brown-
Zak oscillations (see Supplemental Materials for more details
[23]). As overview on the density-dependent device charac-
teristics, Figs. 2a, b show maps of the conductance as a func-
tion of nin and nout obtained from experimental measurement
and quantum transport simulation, respectively (see Supple-
mental Material [23] for raw resistance and conductance as
a function of applied BG and TG voltage). The conductance
profile is structured by the appearance of the main Dirac point
at vanishing densities (highlighted by black dashed lines in
Fig. 2b) and satellite Dirac points on electron- and hole-side
(highlighted by cyan and magenta dashed lines in Fig. 2b),
resulting in a map composed of 16 regions of unique dop-
ing configurations. To facilitate the following discussions,
we introduce a notation with small letters p and n describing
charge carriers within the linear valence band V1 and conduc-
tion band C1 of the original primary Dirac cone, while capital
letters P and N denote charge carriers in the back-folded su-
perlattice minibands (V2, V3 and C2, C3) below and above
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FIG. 1. (a) False-color AFM image of the device (scale bar 1µm).
The local top gate (TG, yellow) in the center forms in combination
with the overall back gate (BG, green) a Fabry-Pe´rot cavity. Par-
tially reflected and transmitted ballistic trajectories in this electronic
interferometer are indicated by small arrows. The magnified region
of the contact interface depicts a schematic of the edge-connected
hBN/graphene/hBN vdW heterostructure. (b) Schematic of the mod-
eled device, showing the (scaled) graphene lattice as the scattering
region with a superimposed periodic long-range potential. (c) Cor-
responding electronic band structure of a single-layer graphene with
electrostatic superlattice based on the continuum model. Close-ups
of the minibands at special points M and K of the superlattice mini-
Brillouin zone are shown on the right.
the secondary Dirac points, respectively. The labeling of each
junction configuration is shown in Fig. 2b. We note that in
the experimental map the two regions on the upper left corner
(NPN) and lower right corner (PNP) are missing, correspond-
ing to the most extreme opposite doping between inner and
outer regions where applied TG and BG voltages counteract
in the dual-gated part of the device.
In both maps we observe multiple sets of FP interferences
originating from the different cavity combinations. Notably,
in addition to the well-known resonances in the bipolar re-
gions npn and pnp [16–19], interference patterns are visible
in the nominal unipolar quadrants of an ordinary graphene
p–n junction device. Here, cavities can be formed where
the interfaces between regions of charge carriers from the
normal Dirac spectrum and superlattice minibands play the
role of semi-transparent boundaries rather than p–n interfaces
(cf. ref. 20). Indeed, the co-existence of both junction types
can be strikingly observed in Fig. 2a with two superimposed
but distinct sets of FP interferences in nPn (pNp). For these
configurations, the spatial density profile from inner to outer
regions features transitions first across the satellite Dirac point
and then across the primary Dirac point (see Fig. 2c). Hence,
the inner most cavity is formed in the same fashion as in pPp
(nNn) and consequently, oscillation fringes originating in pPp
(nNn) remain visible across the main Dirac peak of the outer
charge carrier density axis. We note that in the simulated map
(Fig. 2b) the continuation of the fringes is only faintly visible
in pNp.
We now compare the behavior of a “common” p–n–p junc-
tion with a cavity formed by the satellite Dirac points, fo-
cusing on configurations npn, pnp and pPp, nNn (see Fig. 2c
for corresponding spatial density profiles). Though it should
be mentioned that the moire´ superlattice potential is always
present in both inner and outer regions, only the Fermi level is
spatially tuned by the BG and TG to reside within the different
bands of the reconstructed band structure (unlike the transition
from a non-superlattice to superlattice region as e. g. proposed
in ref. 38). It is already visible from the maps (Figs. 2a, b)
that the spacing of the resonances in pPp and nNn appears
notably increased in comparison to cavities npn and pnp. In
Fig. 2d the extracted density spacing is plotted as a function
of nin for exemplary linecuts at constant nout (also see Supple-
mental Material for corresponding conductance curves [23]),
highlighting the observed trend of increased spacing (like-
wise cf. ref. 20). The enlarged oscillation period can be at-
tributed to a suddenly reduced cavity size due to the newly
defined boundaries by the satellite Dirac points (see Supple-
mental Material [23]). Figure 2e shows the observed drop in
the experimentally extracted cavity size L = pi/∆kF , where
∆kF =
∣∣kF, j+1− kF, j∣∣ with kF = √pin and j the interference
maximum index, following in good agreement the trend of a
numerical determination of the cavity size from electrostatic
simulations (black dashed lines).
To further explore the transport behavior of the charge car-
riers in the superlattice minibands, we have studied the four
different cavities with applied magnetic field B (as well as
by source-drain bias spectroscopy, shown in the Supplemen-
tal Material [23]). Figures 3a, b show maps of the measured
and simulated FP interference patterns as a function of nin and
magnetic field B at constant nout (see Supplemental Material
for additional patterns at different nout [23]). The resulting
patterns in npn and pnp of both simulation and experiment
show fringes with typical dispersing behavior towards higher
densities with increasing magnetic field due to the competi-
tion of Aharonov-Bohm phase and Wentzel-Kramer-Brillouin
kinetic phase, as well as the appearance of a pi-shift as the hall-
mark of Klein tunneling in monolayer graphene [16, 39–41].
However, strikingly different patterns are observed in the case
of pPp and nNn. Here, no pi-shift is visible and fringes do not
or only weakly disperse under the influence of the magnetic
field which implies a lacking of a magnetic-field-dependent
phase. Moreover, the resonances in nNn vanish abruptly at a
critical field Bc ∼ 300mT, while in pPp the oscillation fringes
remain visible, yet less pronounced. Nevertheless, the non-
dispersing fringes are monitored in both cases.
In order to understand why the miniband charge carriers do
not pick up a magnetic phase, we have investigated their tra-
jectories by performing quantum transport simulations using
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FIG. 2. (a, b) Measured and simulated map of the conductance with subtracted smooth background, respectively, as a function of nin and
nout. Labels denote the charge carrier configurations in all 16 quadrants, which are defined by the main Dirac point (black dashed lines) and
hole/electron satellite Dirac point (magenta/cyan dashed lines). (c) Spatial density profiles across the device for different doping scenarios.
(d) Density spacing between resonances as a function of nin for the cavities pPp (blue), npn (orange), pnp (green) and nNn (red) at constant
outer charge carrier densities nout =−1.4×1012 cm−2, 2.0×1012 cm−2, −2.0×1012 cm−2 and 1.4×1012 cm−2, respectively, as marked by
the colored dashed lines in panel (a). (e) Corresponding cavity size L as a function of Fermi wave vector kF. The black dashed lines show a
numerical determination of the cavity size obtained from electrostatic simulations.
a narrow beam injector into a wider 2D sample (see Supple-
mental Material for details [23]). Figure 3c depicts the band
structure with the red shaded region marking the shown en-
ergy window of non-dispersing fringes in nNn. The resulting
trajectory beams for two distinct Fermi levels (red and green
dashed lines) are shown on the right-hand side (for a complete
set of beam simulations under various conditions see Supple-
mental Material [23]). In the case of normal Dirac fermions
originating from the primary Dirac cone (lower row) the beam
follows the expected cyclotron motion of moving charge car-
riers in a magnetic field (the purple dashed lines correspond
to the calculated cyclotron radius rc = h¯kF/eB). In the other
case (upper row), the simulated trajectories of the miniband
charge carriers persist on a quasi-straight beam line on the
length scale of the cavity for small magnetic fields, which ex-
plains the absence of the magnetic field dependent phase in
the FP interference patterns.
The observed unusual magnetic field independence of the
beam can be understood as the consequence of a reshaped
Fermi surface of the superlattice minibands, shown as in-
set in Fig. 3c (left panel) for the two above discussed sce-
narios (green and red indicated Fermi levels, respectively).
Following from the semiclassical equation of motion h¯k˙ =
q(E+ r˙×B) (for a full description, see chapter 12 of [42]) the
cyclotron orbit in real space is given by the orbit in momentum
space rotated by 90◦. Indeed, at increasing magnetic field a
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FIG. 3. Low magnetic field measurements of the four different cavities pPp, npn, pnp and nNn in column-wise order at constant outer charge
carrier densities nout = −1.4× 1012 cm−2, 2.0× 1012 cm−2, −2.0× 1012 cm−2 and 1.4× 1012 cm−2, respectively. (a, b) Experimental and
simulated patterns of the conductance oscillations, respectively, as a function of charge carrier density nin and magnetic field B. (c) Band
structure of our superlattice model, with the red shaded region denoting the energy window of non-dispersing fringes in nNn. The inset depicts
the Fermi surface slightly above the K point of the mini-Brillouin zone marked by the red dashed line. Right-hand side panels: charge carrier
beams are shown from simulations for varying magnetic field B at two different Fermi levels at distinctly different band structure regions.
Upper row: C2 and C3 minibands (red dashed line) Lower row: C1 band of the primary Dirac cone (green dashed line).
hexagonal bending of the trajectories can be noticed in oppo-
site rotation direction, directly reflecting the hole-type hexag-
onal Fermi surface of C2 (see Supplemental Material for fur-
ther details [23]). In fact, this hexagonal-like beam deflection
on a length scale shorter than the cavity at higher magnetic
fields causes the observed breakdown of FP interferences at
B ∼ 0.3mT due to the oblique incident angle of charge carri-
ers onto the cavity barriers (see Supplemental Material [23]).
In this regard, it is also important to note that the relative de-
vice orientation with respect to the superlattice structure plays
an important role unlike the case of a circular Fermi surface
in unperturbed graphene.
Finally, we observed different magnetic field dependence of
FP interferences in NpN and NnN (see Supplemental Material
[23]). Interestingly, in both cases it is normal Dirac fermions
confined to the cavity. Yet, the same argument of the reshaped
Fermi surface holds to explain the distinct behaviors. In the
case of NnN, the almost normal incident angle of superlattice
quasiparticles from the outer reservoirs onto the cavity inter-
faces prevents the confined electrons to form closed loops in-
side the cavity (see Supplemental Material for details [23]).
At a magnetic field value, where the hexagonal orbital bend-
ing of the outside miniband fermions occurs on a length scale
shorter than the outer reservoirs, the resonances vanish sim-
ilar to the reversed configuration nNn. On the other hand,
NpN features transitions across both primary and secondary
Dirac points (see Fig. 2c). Since the innermost cavity resem-
bles npn, a continuation of interference fringes from npn to
NpN in the maps of Figs. 2a(b) can be observed, and the mag-
netic field behavior of the conductance resonances conforms
with ordinary n–p–n junctions.
To conclude, we have probed the transport properties of
charge carriers in a graphene/hBN moire´ superlattice device
by electronic interferometry. The non-dispersing fringes of
FP interferences at low magnetic field combined with our
quantum transport simulations revealed unconventional cy-
clotron motion on the length scale of the cavity which reflect
the reshaped hexagonal Fermi surface. The subtle transport
properties of these quasiparticles provide a new versatile plat-
form for new types of devices in electron optics experiments,
5which could be used to probe, for example, correlated states
in twisted bilayers [43–47].
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I. SAMPLE FABRICATION AND EXPERIMENTAL DETAILS
The presented results are based on a graphene/hBN van der Waals heterostructure. Starting with
mechanically exfoliated graphene flakes from natural bulk graphite (NGS Naturgraphit GmbH)
and hBN flakes from commercial hBN powder (Momentive, grade PT110), the selected single-
layer graphene is then encapsulated between two hBN multilayers by sequentially piling up the
three different 2D crystallites (thicknesses of top and bottom hBN are about 40nm and 20nm
respectively). The crystallographic orientation of the graphene is aligned under a misorientation
angle of about ≈ 0.9◦ with respect to one of the hBN layers resulting in the formation of the
moire´ superlattice and the final stack is sitting on a Si/SiO2 substrate which serves as BG. The
stacking procedure is done via the polymer-free assembly technique introduced in ref. 1 with
minor adaptions (similarly to2).
The device is then designed with a narrow local Cr/Au TG electrode in the center of the device
forming an electrostatically tunable pnp junction in combination with the overall BG. Electrical
contact to the graphene is made from the edge of the mesa, where we use a single resist layer of
PMMA for both etching of the graphene/hBN stack and metalization of (superconducting) Ti/Al
electrodes. The self-aligned metal contacts due to utilizing the same already patterned resist for
subsequent metal deposition ensure high quality electrical connection with low contact resistance.
In a final step, the devices are etched into the desired shape. It needs to be said that the TG
electrodes were designed and deposited first before the final etching. Thus, there is a remaining
additional narrow graphene sleeve underneath the TG on the side of the device from which the
electrode is launched. However, considering a wide and short junction, this issue should not
conflict the presented results of this work.
The experiments were performed in a 3He/4He dilution fridge BF-LD250 from BlueFors at a
temperature of about 200–250mK, unless otherwise mentioned. Electrical measurements were
conducted in a two-terminal configuration, using standard low-frequency (∼ 13Hz) lock-in tech-
nique with low ac excitation (< 10µV). For the electrostatic gating and source-drain biasing
ultra-low noise dc-power supplies from Itest were used with an additional high power supply for
the BG. All magnetic field measurements were performed in an out-of-plane magnetic field and
B= 20mT were applied for the measurements at temperatures below 1K to suppress effects of the
proximity-induced superconductivity due to the superconducting Ti/Al contacts.
2
a b
Fig. S1. (a) Resistance R (red) and conductance G (blue) as a function of back gate voltage VBG (top
axis) or converted overall charge carrier density n = nin = nout (bottom axis) measured at VTG = V
cnp
TG .
(b) Conductivity σ with subtracted contact resistances 2RC = 57Ω on the electron-side of the main Dirac
point as a function of charge carrier density in a double logarithmic representation, giving an estimate for
the residual charge carrier density.
II. UNIFORM DOPING CHARACTERISTICS
The normal graphene field effect characteristics at uniform doping are shown in Fig. S1. At
maximum charge carrier density n ≈ 4.4× 1012 cm−2 the measured two-terminal resistance R =
66Ω (see Fig. S1a). With the quantum resistance RQ = h/(ge2)× (1/M) = 9Ω (where M =
W/(λF/2) = 710 is the integer number of conductance modes and g = 4 accounts for spin- and
valley degeneracy) we find the contact resistance RC = (R−RQ)/2 = 28.5Ω and resistivity ρC =
171Ωµm. The residual charge carrier density is estimated3 on the electron side of the primary
Dirac point as nres ∼ 3×1010 cm−2 (see Fig. S1b).
III. ADDITIONAL CAVITY ANALYSIS
Fig. S2 displays, in turns, the raw resistance R (a), conductance G (b) and differentiated conduc-
tance dG/dVBG (c) versus back gate and top gate voltages VBG and VTG. Charge carrier densities
in the inner and outer regions of the device are converted from back gate and top gate voltages
VBG and VTG as follows: nin =
CBG
e (VBG−V cnpBG )+ CTGe (VTG−V cnpTG ) and nout = CBGe (VBG−V cnpBG ),
where CBG = 0.67×1011 cm−2 and CTG = 5.73×1011 cm−2 are the specific gate capacitances per
unit area and V cnpBG = −0.1V and V cnpTG = 0.45V are offset voltages of the charge neutrality point,
3
a b c
Fig. S2. Additional gate-gate-map of the graphene moire´ superlattice electronic interferometer device
with raw two-terminal transport data, showing (a) resistance R, (b) conductance G and (c) differentiated
conductance dG/dVBG as a function of top gate voltage VTG and back gate voltage VBG. The maps consist
of sub-quadrants as discussed in the main text, but here defined by horizontal lines corresponding to charge
neutrality of the outer regions (tuned by the back gate) and diagonal lines corresponding to charge neutrality
of the dual-gated region (controlled by both top and back gate).
Fig. S3. Top: Conductance G as a function of charge carrier density nin for cavities pPp (blue), npn
(orange), pnp (green) and nNn (red) (corresponding to the data in Fig. 2 of the main text). Curves of pPp
and nNn have been shifted by a constant offset (see numbers in the plot) for better comparison of all four
cavities. Thinner black lines correspond to the smooth conductance background G¯, which is subtracted to
obtain the net conductance oscillations ∆G = G− G¯ . Bottom: Normalized oscillation amplitude ∆G/G¯.
Positions of maximums and minimums are marked by ’x’ or ’+’, respectively, from which the spacings ∆nin
were extracted (shown in the main text).
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Fig. S4. Cavity size. Left: Conductance G as a function of nin and nout from quantum transport simulations
(cf. Fig. 2b of the main text). Right: Charge carrier density profiles across the left nout–nin cavity interface
obtained from electrostatic simulations. The profiles denote respective inner and outer charge carrier density
configurations npn (orange) and pPp (blue) as indicated by the colored lines in the left panel. From top to
bottom corresponds to an increasing inner charge carrier density. The cavity size abruptly shrinks when nin
is tuned across the secondary Dirac point (see transition from lower most orange curve to upper most blue
curve; also cf. Fig. 2e of the main text).
respectively. The specific BG capacitance CBG is determined from the Landau level fan diagram as
a function of VBG for approximately uniform doping at VTG = V
cnp
TG . The specific SG capacitance
CSG is then extracted from the lever arm of tuning the charge neutrality point with respect to the
back gate CSG =CBG|∆VBG/∆VSG|.
Fig. S3 displays conductance oscillations in normal and superlattice Fabry-Pe´rot cavities for
various carrier densities of the outer regions, corresponding to the Fig.2 of the main text. As
demonstrated in4, the size of the cavity strongly varies with the top gate voltage, in particular at
low charge carrier density. Fig. S4a shows quantum transport simulations of the conductance G
versus nin and nout. Two density profiles n(x) are extracted from Fig. S4a and plotted on Fig.
S4b for various nin, demonstrating that the cavity size clearly shrinks passing the secondary Dirac
point.
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Fig. S5. (a) Measured and (b) simulated conductance map with subtracted smooth background as a
function of inner charge carrier density nin and magnetic field B for a constant outer charge carrier density
nout = 4.1×1012 cm−2, i. e. the inner cavity is connected to reservoirs with charge carriers of the electron-
side moire´ minibands. In both panels colored inset plots show raw conductance.
IV. ADDITIONAL MAGNETO-TRANSPORT: LANDAU LEVEL FAN, BROWN-ZAK OSCILLA-
TIONS AND FABRY-PE´ROT INTERFERENCES
Mapping the conductance at low and medium magnetic field shows several intriguing phenom-
ena in high quality graphene devices. Fig. S5 displays both experiment (a) and simulation (b)
conductance maps, respectively, as a function of the charge carrier density nin and magnetic field
B at constant outer charge carrier density nout = 4.1×1012 cm−2, i. e. above the electron-side sec-
ondary Dirac point in the outer reservoirs. The conductance is plotted with subtracted smooth
background in the same way as5. The features in the experimental map are well reproduced by
our scalable tight-binding simulations6 with the adapted quantum transport model for electrostatic
superlattices7 to our device geometry. At both primary and secondary Dirac points of the inner
cavity emerging Landau level fans are observed, which are known to make up the Hofstadter but-
terfly spectrum at high magnetic fields8–10. Furthermore, Brown-Zak oscillations are visible as
horizontal lines in the spectrum8,11,12 (see colored inset panels with raw conductance in Fig. S5a
and b). From the frequency of these oscillations we have determined the moire´ wavelength of our
superlattice structure (see below). Most notably, at low magnetic field, distinct unusual conduc-
tance oscillation patterns are observed in the junction configurations NpN and NnN, respectively
(see discussion main text). The particular FP interference patterns reveal the strong sensitivity of
transport through the induced electronic interferometer on the formed cavity.
6
a b c
Fig. S6. (a) Numerical derivative of the conductance dG/dB (in e2/(hV)) as a function of charge carrier
density nin and magnetic field B at a constant outer density nout = 4.1×1012 cm−2 (see Fig. S5a). (b) Zoom-
in on the upper right corner of panel a (white dashed box) but here plotted as a function of 1/B. (c) Top:
Respective conductance curve G as a function of 1/B at constant nin = 6×1012 cm−2 (blue dashed trace in
panel (b)). Bottom: Corresponding index q of the oscillation maxima (dark blue; integer numbered) and
minima (light blue; half-integer numbered) as a function of 1/B. The gray dashed line is a linear fit.
V. ESTIMATION OF THE MOIRE´ WAVELENGTH OF THE SUPERLATTICE STRUCTURE
The moire´ wavelength of our superlattice structure is estimated from the Brown-Zak oscil-
lations as shown in Fig. S6. These oscillations are density independent and arise at fractional
magnetic flux through the superlattice unit cell BA0 = Φ0/q, where B is the magnetic field, A0 is
the superlattice unit cell, Φ0 is the magnetic flux quantum and q is an integer number11,12. Fig.
S6c (bottom panel) shows the oscillation index q as a function of 1/B. From the slope of the linear
fit (gray dashed line) Φ0/A0 = 40.1T, we find the moire´ wavelength λ ≈ 10.9nm. A similar value
10.4nm was used for the electrostatic superlattice potential of the quantum transport simulations,
obtained as the best match for the position of the satellite Dirac points in the density-density-maps
(cf. Figs. 2a, b in the main text).
VI. SOURCE-DRAIN BIAS SPECTROSCOPY OF FABRY-PE´ROT INTERFERENCES
It is possible to utilize source-drain bias spectroscopy of FP interferences to probe the density
of states (DoS) of the superlattice minibands within the cavity13. The four junction configurations
pPp, npn, pnp and nNn are shown in Fig. S7a-d, respectively, as a function of charge carrier density
and applied source-drain bias voltage Vsd. As one can see, the obtained checkerboard patterns de-
pend on the gate conditions, i.e. the transmissions across the barriers which form the cavities14,15.
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Fig. S7. (a-d) Source-drain bias spectroscopy of Fabry-Pe´rot interferences of the Fabry-Pe´rot interferences
in cavities pPp, npn, pnp and nNn, respectively, showing the conductance oscillations as a function of
charge carrier density nin and source-drain bias voltage Vsd at constant outer charge carrier densities nout =
−0.7× 1012 cm−2, 2.0× 1012 cm−2, −2.0× 1012 cm−2 and 1.4× 1012 cm−2, respectively. (e) Extracted
density of states (DoS) in units of 1012 eV−1 cm−2 as a function of charge carrier density nin for all four
cavities. Black dashed lines correspond to a theoretical DoS ∝
√
n of massless Dirac fermions.
By assuming the slope ∆Vsd/∆nin of the linearly shifted resonances to be inversely proportional to
the density of states DoS≡ dn/dE, where the change in energy is determined as ∆E = e∆Vsd/2, an
approximate measure of the DoS can be extracted13. Fig. S7e shows the obtained values together
with a theoretically expected square-root-dependence DoS ∝
√
n (black dashed lines) for the case
of massless Dirac fermions in monolayer graphene given by 2
√
(n/pi)/h¯vF, where vF = 3taCC/2h¯
is the Fermi velocity with t = 3eV the tight-binding hopping parameter and aCC = 0.142nm the
carbon–carbon bond length. In regions npn and pnp the estimated DoS is in good agreement with
the theoretical curve. We further note, that the extracted DoS features a pronounced increase when
approaching the secondary Dirac point on the hole-side, which could be a signature of the van
Hove singularities in the vicinity of the satellite Dirac points16. Yet, the patterns become less clear
within this range. Going beyond the secondary Dirac points where the observed FP interferences
arise due to confinement of superlattice charge carriers, the DoS shows a sudden and drastic differ-
ent behavior, indicative of massive particles in the superlattice minibands. However, it should be
8
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Fig. S8. Low magnetic field measurements of the four different cavities pPp, npn, pnp and nNn at
constant outer charge carrier densities nout =−1.4×1012 cm−2 (up left), 2.0×1012 cm−2 (up right),−2.0×
1012 cm−2 (down left) and 1.4× 1012 cm−2 (down right), respectively. Curves show the change in the
conductance G(B)−G(B = 0) as a function of magnetic field B for different charge carrier densities nin
(values given in units of 1012 cm−2).
noted that the employed two-terminal measurements also include the contact resistance, which is
neglected here and the voltage drop is assumed to only occur across the interferometer cavity itself.
But even though a quantitative analysis is not possible for this reason, it becomes unambiguously
clear that the observed patterns are distinct to the massless Dirac fermions case.
VII. FABRY-PE´ROT INTERFERENCE DISPERSION AT LOW MAGNETIC FIELD
Fig. S8a shows the change in the conductance as a function of magnetic field for different nin at
constant nout . The presented curves of regions npn and pnp follow the expectation of continuously
reduced transparency upon applied magnetic field, which is due to the bending of trajectories and
consequently larger incident angles on the barriers17–19. In contrast, pPp and nNn exhibit clearly
different and more subtle behaviors as seen in Fig.3 of the main text and Fig. S9. In the pPp
case, we observe a widely constant or even increased conductance at finite magnetic field before it
drops, whereas in nNn the conductance features an unusual plateau-like shoulder at finite magnetic
field. Noteworthy, the described anomalies in the conductance appear at the same magnetic field
9
Fig. S9. Additional magnetic field dependence data of the Fabry-Pe´rot interferences. Conductance os-
cillations ∆G as a function of inner charge carrier density nin and magnetic field B in cavities pPp (left;
blue) and nNn (right; red) (cf. Fig. 3a in the main text, but here at different outer charge carrier densities
nout =−2.0×1012 cm−2, and 0.7×1012 cm−2, respectively.)
values where the FP interferences abruptly vanish, as discussed in the main text.
VIII. QUANTUM TRANSPORT SIMULATIONS
Throughout this work, all simulations are obtained from real-space Green’s function method
based on a graphene lattice up-scaled by a factor of s f (s f = 4 for Figs. S2b and 2b of the main
text, which cover either high magnetic field or high density ranges, and s f = 6 for Figs. 3c, d of
the main text, which are restricted to low magnetic field and reasonable density ranges), taking
into account the scalar superlattice potential modeling the moire´ pattern20, as described in Ref. 7.
Local current densities reported in Fig. 3d of the main text are imaged by applying the Keldysh-
Green’s function method in the linear response regime21. At each lattice site n, the bond charge
current density Jn = ∑m en→m〈Jn→m〉 is computed, where the sum runs over all the sites m nearest
to n, en→m is the unit vector pointing from n to m, and 〈Jn→m〉 is the quantum statistical average
of the bond charge current operator Jn→m22. After computing for each site, the position-dependent
current density profile J(x,y) = [Jx(x,y),Jy(x,y)] is obtained, and those reported in Fig. 3d of the
main text are the magnitude J(x,y) =
√
J2x (x,y)+ J2y (x,y) (see also
23).
To clearly reveal the electron trajectories within the same quantum transport regime and at
the same time directly connect the local current density profiles to our conductance simulations
reported in Fig. 3c of the main text, we consider the same sample width of 1 µm attached to a wide
drain lead (also 1 µm in width) at the right but a thin source lead at the left (100 nm in width). Both
10
leads are standard graphene ribbons oriented along zigzag in the transport direction, and the moire´
model potential is considered only in the central scattering region. Furthermore, the Fermi energy
in the thin source lead is fixed at a low energy such that only the lowest mode with zero transverse
momentum is injected. On the other hand, the Fermi energy in the wide drain lead is set to float
with the attached right edge of the scattering region, in order to minimize the reflection that would
blur the obtained electron beam profile. Additional beam simulations are shown in Fig. S10. Fig.
S11 displays the C2 band and an example of the Fermi surface contour at an energy of 0.2728 eV
as well as the calculated real space trajectories for different magnetic fields, resulting in a drastic
change of the incident angle of miniband fermion trajectories onto the barrier at a critical field.
Finally, it is important to note that the experimental findings are well captured by our quan-
tum transport simulations using a mere electrostatic superlattice potential7 (but neglecting higher
order terms of the moire´ perturbation24,25). Our results are thus applicable to graphene miniband
fermions subject to a hexagonal superlattice potential in general, such as recently demonstrated
electrostatically induced superstructures in graphene26,27.
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Fig. S10. Compilation of the relation between Fermi surface and charge carrier trajectories in magnetic
field obtained by “beam shooting” simulations as described in the quantum simulations section of this
Supplemental Material.
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Fig. S11. Incident angle transition. Left: Colour map of the C2 band structure EC2(kx, ky). The white
dashed hexagon denotes the moire´ superlattice mini Brillouin zone. Additionally, the Fermi surface contour
at an exemplary energy 0.2728eV (same as in Fig. 3 in the main text) is shown by the white thicker lines.
For simplicity, the small rotation of the superlattice structure with respect to the device orientation (see main
text) is neglected here. Right upper panel: Calculated trajectories with real space coordinate y as a function
of position x for different magnetic field values B = 100mT (blue), 200mT (red), 300mT (orange) and
400mT (green), obtained by using the semiclassical equation h¯k˙ = q(E+ r˙×B)28 yielding a 90 ◦ rotated
cyclotron orbit compared to the orbit in momentum space as indicated by the small black arrow in the left
panel (also see main text). Right lower panel: Respective incident angles φi of the trajectories onto an
interface positioned at x = 300nm (about the size of the interferometer cavity) as a function of magnetic
field. Due to the hexagonal bending of the cyclotron motion rather abruptly changed large incident angles
are noticed for magnetic fields B& 300mT corresponding to the vanishing of the Fabry-Pe´rot interferences.
The “star” markers denote the respective magnetic field of the curves shown in the upper panel.
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